Abstract. Although the majority of horticultural crops are mycorrhiza-dependent, the role of arbuscular mycorrhizal (AM) inoculation in plant production has been neglected in high-input agriculture. Field application of a commercial inoculum mix of Glomus spp. was tested in spice pepper (Capsicum annuum L. var. longum), cv. Szegedi, cultivation. With polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), differences in small subunit ribosomal RNA genes were used to characterize groups of arbuscular mycorrhizal fungi (AMF) with respect to effects of mycorrhizal inoculation on an indigenous AMF population. The AMF inoculant was able to establish in the rhizosphere of pepper plants and mycorrhizal inoculation increased yield of spice pepper by more than 65% compared with the non-treated control plants. Having relatively high root colonization in the control, non-inoculated treatment indicated high presence of indigenous populations of AMF in the field soil. Although the inoculation affected structure of the resident AM fungal community, it did not influence the composition of AMF associated with pepper roots significantly.
Sweet pepper (Capsicum annuum L.) is an important vegetable containing bioactive metabolites with potential health-promoting properties having antioxidant activity (Mar ın et al., 2004) , carotenoids, capsaicinoids, capsinoids, flavonoid glycosides, tocopherols, and ascorbic acid (Khoo et al., 2011; Márkus et al., 1999) . In addition, they contain serotonin derivatives (Kang et al., 2009) . Until the introduction of the first sweet pepper in the 1920s, Hungary was best known for hot paprika-spice pepper (Capsicum annuum L. var. longum), which is protected by the European Union as a national cultivar. It is traditionally cultivated in the Szeged and Kalocsa regions of Hungary (Somogyi et al., 2000) and %28.6 t is annually produced from 1500 ha (average 2000-2009) . A growing awareness of sustainable agriculture, highquality food, and more information on how food is produced has caused a demand for reduced chemical inputs in pepper cultivation.
Mycorrhiza can function in horticulture as a sustainable, biocontrol agent against pathogens, a bioprotectant against toxic stresses, and as a soil-improving antierosion agent . The interest in use of mycorrhiza in horticulture is mostly the result of the ability of AM fungi to enhance uptake of phosphorus (P) and water, decrease agrochemical inputs during production, and increase resistance to biotic and abiotic stresses (Wu and Zou, 2010; Wu et al., 2011) . There are other important aspects from use of mycorrhiza including improved seedling survival, increased growth and yield, uniformity of horticultural crops, and earlier and increased flowering (Azcon-Aguilar and Barea, 1997; . The improvement of vegetable nutritional quality can be the result of existence of mycorrhizal symbiosis through activation of antioxidant, phenylpropanoid, or carotenoid pathways (Baslam et al., 2011) .
Generally, pepper belongs to mycorrhizadependent vegetables and mycorrhiza have been shown to significantly improve pepper fruit yield (Douds and Reider, 2003; Gaur et al., 1998; Kaya et al., 2009; Russo and Perkins-Veazie, 2010) , to enhance seedling quality and to compensate for P and zinc (Zn) deficiency in P-and Zn-deficient soils (Ortas et al., 2011) . Contents of bioactive compounds in spice red pepper can be changed depending on weather conditions during vegetative growth (Márkus et al., 1999) and postharvest storage or after-ripening (Somogyi et al., 2000) . The AMF was found to be active as a protective agent against Phytophthora capsici (Zheng et al., 2005) or Verticillium spp. (Goicoechea et al., 2010) , pathogens infecting pepper.
There are only a few studies on effects of commercial mycorrhizal inoculants on growth and development of horticultural plants (Cwala et al., 2010; Gaur et al., 1998) and to study their influence on indigenous mycorrhiza population Mummey et al., 2009) .
The aim of the present work was to determine effects of the commercially available AM inoculant Symbivit, a mixture of six species of Glomus spp., on growth and yield of field-grown spice pepper and to determine if any change in the soil community of rootcolonizing AM fungi occurs as a consequence of artificial inoculation.
Materials and Methods
Experimental design. . Phosphorus, potassium, and nitrogen concentrations were determined according to Egner et al. (1960) using ammonium lactateacetic acid and CaCl 2 extraction, respectively. Metal contents of the soil were assessed after digestion with concentration of HNO 3 and the extracts were analyzed with plasma emission spectrometry using a Jobin-Yvon JY24 ICP instrument (Longjumeau, France).
A variety of cereals have been grown alternatively on the site; however, the last 2 years were covered by grass/cover to restore soil fertility. A moldboard plough to 25 cm depth was used for soil tillage after each harvesting time and conventional seedbeds were prepared by chisel plowing followed by disking.
Before transplanting, mycorrhizal fungi in a commercial product Symbivit
geosporum BEG199, without bioadditives) produced by Symbiom Ltd. (Lanskroun, Czech Republic; http://www.symbiom.cz) was applied at 15 g of inoculum (consisting of 400 propagules/g) per pepper seedling into the planting hole and seedlings were planted immediately. In the experiment, 50 plants inoculated with Symbivit (AM-treated) and 50 non-inoculated plants (control) were set up in three replicates using a randomized complete block design. Five randomly chosen plants from each treatment were destructively harvested at the end of the experiment (on 3 Sept.); shoots and roots were dried at 60°C for 72 h and separately weighed. Harvesting was by hand twice and cumulative weight of yield from 100 plants per treatment evaluated.
Assessment of mycorrhizal colonization. Samples for estimating root colonization were collected on 26 June, 27 July, 14 Aug., and 3 Sept. At each time, three randomly chosen from three repetitive plots of the same treatment plants were dug out with a soil core of 25 · 25 · 25 cm. The total number of plant samples was 36 from both treatments for a total of 72 plants. The roots and the soil were stored in separate plastic bags at 4°C until processing within 24 h. Approximately half of the root systems, at least 500 mg of fine roots, from each plant was transferred to separate tubes and was subjected to Trypan blue staining (Phillips and Hayman, 1970) . Internal fungal structures (hypae, arbuscules, vesicules) were examined under a stereomicroscope at · 100 magnification and the percentage of root length colonized calculated using the gridline intersect method (Giovanetti and Mosse, 1980) . Molecular analysis. Five randomly sampled root segments (2-4 cm long) of each of the 18 plants collected in June and August (first and third sampling times) and 2 g of Symbivit inoculant were separately subjected to DNA extraction using the DNeasy Ò plant Mini Kit (Quiagen, Chatsworth, CA) following the manufacturer's instructions. Fragments of 18S rDNA gene sequences were amplified using the primer pairs AMV4.5F (5#-AAT TGG AGG GCA AGT CTG G-3#)-AMV4.5R (5#-AGC AGG TTA AGG TCT CGT TCG T-3#) and AMV4.5NF (5#-AAG CTC GTA GTT GAA TTT CG-3#)-AMV4.5NR (5#-CAC CCA TAG AAT CAA GAA AGA-3#) in the first and second nested PCR according to Saito et al. (2004) . The PCR mixtures (20 mL) contained 2 mL of 10 · PCR buffer (Fermentas, Vilnius, Lithuania), 1.5 mL of 25 mM MgCl 2 , 2 mL of dNTP mix, 1.0 mL of each primer (40 mM), 1 mL of template DNA, 0.2 mL (5 U) of Taq polymerase (Fermentas), and 11.3 mL of milliQ water. For amplification, the following program was used: initial denaturation at 95°C for 10 min, followed by 20 (first PCR) and 40 cycles (second PCR) consisting of 30 s at 94°C, 30 s at 60°C, and 1 min at 72°C and a final extension of 72°C for 10 min. Amplification products were separated by electrophoresis in 2% (w/v) agarose gels and stained with ethidium bromide. The PCR products were purified by isolating fragments of appropriate size (%650 bp) using the GFX PCR DNA and Gel Band Purification Kit (GE Healthcare, Amersham Biosciences, Amersham, UK). PCR products amplified from samples, collected at the same time, and from the same treatment were pooled as recommended by Renker et al. (2006) . These pools and PCR product from inoculant were cloned separately into pGEM Ò -T Easy vector (3015 bp) using the pGEM Ò -T Easy Vector System (Promega, Madison, WI) and transformed into Escherichia coli DH5a. Plasmids purified from positive clones using the Wizard Ò Plus SV Minipreps DNA Purification System Kit (Promega) were digested independently with BSuR1 (Fermentas) to identify RFLP classes. We used the detected RFLP types to indicate AM fungal ribotype reachness. After cloned sequence characterization, the relative occurrence of sequences representing RFLP types in the root subsamples was calculated.
Statistical analyses. Treatment effects on measured variables were tested for normality and subjected to analysis of variance and comparisons between means carried out using Tukey's honestly significant difference test at P < 0.05. Data were analyzed using Statistica 6.1 (StatSoft, Tulsa, OK) software.
Results
According to the Tukey test, mycorrhizal inoculation moderately but significantly increased fresh (P = 0.015) and highly significantly enhanced dry weights (P = 0.00051) of shoots of spice pepper; there was no significant difference in the root weight as a result of treatment (Table 1) . Treated plants exhibited an increase in cumulative crop production compared with controls.
At each sampling date, except for that in July, the percent of mycorrhizal root colonization was greater for the AM-treated than control plants (Table 1 ). The lowest degree of colonization was observed in June in the control treatment. However, there was a relative high indigenous AMF population.
Colonization percent increased during vegetative development and there was a slight decrease at harvest.
Root colonization in AM-treated plants tended to be more uniform throughout the growth period than for control plants.
Samples collected in August were used to assess AMF diversity because both treatments exhibited the highest level of colonization at this time. The mycorrhizal-specific primer pair of Saito et al. (2004) amplified PCR products with the expected sizes of %650 bp, which, after being digested by restriction enzyme and run on agarose gel, produced different RFLP profiles of the AMF community (Fig. 1) .
Approximately 10 different AMF genotypes of both treatments, including six overlapping, altogether 14, could be observed at the first sampling date (Fig. 1A) . Different genotypes but the same number of groups were found (Groups of 4, 6, 9, 10) in controls and Groups of 8, 12, 13, and 14 in AM-treated plants. More than 85% and 70% of observed AMF clones belonged to Groups 1, 2, and 7 and RFLP Groups 1, 2, 3, and 5 in AMtreated and control plants, respectively.
Ten RFLP types of AM fungi clones were observed in August and only three (Groups 1, 5, and 9) reached the level of 10% frequency (Fig. 1B) . Ribotypes not found in the earlier sample included Groups 15, 16, 17, 18 , and 19 and a number of groups found in June were absent in August (Groups 2, 3, 4, 6, 7, 8, 12, 13, and 14) . There were five overlapping Groups (1, 5, 9, 10, and 18) of mycorrhizal fungal clones between treatments in August plus three genotypes (Groups 11, 15, and 19) were observed in controls and Groups 16 and 17 in AM-treated plants at low-frequency levels.
Only two ribotypes, belonging to Groups 1 and 5, were observed in the RFLP profile of the AMF community in Symbivit inoculant.
Discussion
Inoculation with a commercial product Symbivit, containing a mixture of nonindigenous Glomus spp., promoted plant growth and yield benefits of spice pepper, cv. Szegedi. The increase in pepper yield as a consequence of inoculation was also observed by others (Douds and Reider, 2003; Gaur et al., 1998; Kaya et al., 2009; Russo and Perkins-Veazie, 2010) . Despite the ecological consequences of these economic benefits, namely, how resident communities respond to AMF inoculation is still unknown.
Responses of plants to AM inoculation depended on soil characteristics (George, 2000) , native mycorrhizal populations (Requena et al., 2001 ), functional differences among isolates (Pellegrino et al., 2011) , and quantity of inoculants and host plants . Furthermore, mycorrhizal function can range from mutualistic to parasitic with host plants (Johnson et al., 1997; Jones and Smith 2004; Klironomos 2003) . Most studies estimate responses to single AM fungal strain Koch et al., 2011) , whereas only few reports showed the effects of mixed inoculant, represented by exotic species (Lekberg et al., 2007) . Our results represent a step forward toward understanding the use of a mix of inoculants.
The results of our field study showed that adding inoculant to soil containing nonresident AM fungi increased not only yield of spice pepper, but affected the fungal community without necessarily changing the structure of resident AMF. Analyzing the AMF ribotypes profile of Symbivit inoculant showed that only ribotypes 1 and 5 presented in the commercial inoculums but were detected both in roots of control and inoculated plants. The inoculation affected structure of the resident AM fungal community, intended as relative abundance of some ribotypes, but did not influence the composition significantly. In fact, the dominant ribotypes 1, 5, and 9 were found in August at both treatments, indicating that there were no really aggressive AMF isolates during that shortterm period as found by Schwartz et al. (2006) . However, as a result of limitations of the applied technique, we could not draw conclusions about the change at the species level but only at the ribotype level. In addition, AM fungi occurring at low frequency cannot have been detected. Our findings are in accordance with the results of Antunes et al. (2009) who inoculated maize roots with a commercial product containing non-indigenous G. intraradices. In contrast, Koch et al. (2011) found that the inoculation with two strains of G. intraradices decreased the ribotype richness of the native AM fungal community in roots as well as Mummey et al. (2009) using preinoculation of plants with a mix of AMF species.
The effect of seasonality, as a change in the fungal community colonizing the roots of pepper, was also detected using molecular tools. Analyses of seasonality of AM fungi have been carried out in few studies and mostly based on spore counting (Gemma and Koske, 1988; Sasvári et al., 2011) . A decreased number of AMF phylotypes was detected both in control and inoculated treatments in August compared with the mycorrhizal population measured in June suggesting a dominant effect of only one or some isolates of the complex AM fungal community. This fluctuation throughout the season could be the result of changes both in the abiotic (nutrient ability) and biotic (root exudation, microbiological interaction) environment (Cheng, 2008; Husband et al., 2002) .
Mycorrhizal technology is being used more frequently in horticultural vegetable production and an international mycorrhizal industry is developing . Under the threat of depletion of world phosphate deposits, use of mycorrhizal inoculation in horticulture becomes even more desirable as a result of savings in chemical inputs and use of renewable materials in vegetable production. The AMbased commercial inoculant Symbivit was able to establish in roots of plants and increased yield of spice pepper. Introduction of a mixed Glomus species inoculant of exogenous AMF strains caused a shift in the indigenous AMF community as shown by PCR-RFLP results. However, there was no remarkable decrease in AMF species diversity and apparently no deleterious effects connected with aggressiveness regarding native populations of the AMF. Moreover, our study indicates that AM fungal introductions can promote plant growth benefits in such situations, not necessarily affecting the structure of resident AM fungal. Further research is needed to specify the shift in the AMF community and to consider long-term effects of inoculation on maintenance of diversity of the AMF community.
